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(54)TitIe: POWER SUPPLY MONITORING INTEGRATED CIRCUIT DEVICE AND BATTERY PACK 



(57) Abstract 

A power supply controlling integrated 
circuit device which is provided with input 
terminals for detection at which the voltages of 
batteries respectively appear, comparing means 
which respectively compare the voltages of the 
batteries with a prescribed reference voltage, 
and a mode terminal for inputting signals for 
designating the number of batteries so as to 
control the discharging or charging of each 
battery based on the output of the 
corresponding comparing means. The 
integrated circuit device is also provided with a 
circuit which can forcedly bring part of the 
comparing means to a prescribed outputting 
state based on the signal inputted to the mode 
terminal and a circuit which excludes the output 
of the above-mentioned comparing means 
brought to the prescribed outputting state from 
the objects to be monitored. Thus, the power 
supply controlling integrated circuit device can 
control the operations of the batteries even 
when the number of the batteries is different 
without requiring any external parts. 
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if^^<DMm.§kw. I c^colr^-c^4^3ls.rf^5(ll5•ffi^,^rtJ^^-t'5o m4mii3 

mites ~ 7 {iiiikm<Dttg|t i:4#<4;5«*Mt-t--53tib. Wm^^ y ^ I b itMM 

m?lb5~7tii^me[1B!l*-e>)ilf::iS?fltcg?)S!$n-5o m?lb5 (DiSm(ii<il;>5m®!^ 
« I C 2 b Wt^aiffl A:^JJg^U IS.t/^itev'N'-y^l h (DZf^ 7.i^^ 3 izmm^tl 
-So 7 (7)<£m{a«a*^A:tliS^U 4 Zll/N^ ^ ^>;PSWMO S F E T (Metal 

Oxide Semiconductor Field Effect Transistor) 8 <D K 1/ > gc 3: tl «5o 

MO S F ET 8(D'J -Xi)initA y i7 1 h <D^>( 4 Id ^ ig! n -So M 

OSFET80y-h fi^g^T 1 n, ^<D1Q^T 1 ^Ji LTm^g^^ I 

C 2 b t-h:t:/XytyUmm^^^it^. S 6 rog^igt4' *.j5«A;d^^U 2 

miSS^ I C 2 b ICi^^^T, Jg^U 1 tV 2 (^KCjgJaR 1 R 2 zJJjaFUtc:^ 

l^^U3i:U4wratCf£fitR5i:R6 7i^it?nHC§fig! ^ n -5o Jw^U 4 Jii/^ > K 

JgiaR 1 t R 2 CD«I6!4' *jS^'itt5fS 1 1 (Dl^Rmxt}i^^ ( + ) {3g^;g!^nSo 
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+ ) izmm^n^o ifctjs i 2 <DKmAt}m^ (-) {c«^^u 3 <dwzj: *) h 

mmW.EEV b tzi-fm^^WZi^Xtt^ti^o JSiftR 5 R e (T)^?^!* *-6«itiiS 1 

3 (D # s IE A :^ ( + ) -i^mm ^ ti So It iSf s 1 3 <o m m a ( = ) - ic « 

ItSiSl l~13<73ttJ:^75<T>KIelgS9blCA:*3$n-5o T>K |5I?S9b.i:») 
1 O liM-^ S D (CSoH^■CiS^T 1 izmm^^tltzMO SFET8^:i->/^-7$!l 
itt^S 1 1 ~ 1 3-C% liibS - 7 (^#mE;i&^fi>f^«igiSt'^mffi J; •? i^V^*>^f•5 

mff<j;»3ii;itnii:T>Ki5i8S9bj:o>'Ni'ix^;Kofi-^SD3{)«ad:ti$n-5o —ys. 



O {±MO S F ET 8 $-:j-:7 L-C, ^ i& 5 ~ 7 OD St ^ * ^ it -So 

5^ "to m&5~7{c^*fE:LTiafj[tD<^ai@?&3o~32«-ia.^-g-*3-i*--5„ i^ajia 

#1^ffiI5]gS 3 0 ~ 3 2 (C^sn^T, 1 t U 2 i:(7)KK:j£fiiR 1 i: R 2 

?'JJCj^M^il-5. t&tfLR I tR2<Dmm'P.^.ib^ttmS§3 5\Z^KmA:f3l^^ (+) 

i-s^$nSo tfctjs 3 5 ws^A^j^^ (-) izitt^^u 2<Dns.^*ommw. 

t^ailE]SS3 0~3 2W#^^TOcfc»5ffi:^3^n-E>#fg-^ji<T> K IhI 8S 3 6 A 
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^ 3 4 iZAt)^in^o m^SDi!)^J^^U^)V(Dt # id & H $ !l ® 0 ?S 3 4 {iMO S 

Lt^LfxA^ib. m^(Dm^. ^i^s^ I c 2 b (m3m) nsmcDm^s-^i 

mhU^tK ^\hmn3 0~32J;0ili:tJ5:n^#M-f-tZT> K 4aS $• fr -5 A 

z. t(DX ^ ^w.m^n I c a c/-?n$-^ y ^ ^m^i-t 

ffll-r -Sm^gS^ I C ICiJ^AT. wsiMM^n I C (C J; T '{0 ^ ti -5 1 Jib W <1 Sfc 
S M ^ S V N -CliJ S IS Ifc O it |g ^ ® © - SB « 0 ^ $0 6*1 f c m ^ © m :^ a SI. 

-cD.i; ^^c«fie{z<i;-5i:, mai^^ I c ti, itn^^o) itm^mx ^mm(D'^ 



wo 98/34316 



4 



PCT/JP98/00379 



^ — h' iZ ^ U^)V:SHtn — Xy^jViDWEEiZJ: -5 f& 05 <1 fS[ ^ -f <S M 

< m 1 (Dmmmm> 

m 1 mit:^mmmm(o'^^^n i c 2 ^ee^ Lfc^sb>'^-v ^ 1 a)t5i*&BiT-fe-5>o 

iS^3 tdSliBt^n-So '^itlcn&W.SLmHi^Atit^^U SRUMO S FET 8(7) K 
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]y ^ y iZ&rn^ tl^o MO S F ET 8(DV ^ i- 7.m^ 4 tCgjgg^ixTV^ 

-So 

MosFETsroy-h ti^^T 1 izmm^ti. nm&n i C2{cj:»):r>/ 
:tymm^ti^o MO SFET 8it7.^ V ^yirm^X'$>^o w.m5t6(Dmm 

?nSo ^e- yi^^M mnmb (DM'm&.mizmm^ti^o ^-Kisg^M2, m 

miSS^ I C 2 tdfcl^-C. A:d^^U 1 ^ U 2 (Drmzt^tKR I tR2 ;S<iS^J(c 
S^«c$n-5o A:tlig^U2 i:U3«)ra{CjgfiiR3 i:R4*>*itJiJfCgligg$n-5>o A 
:t>JS^U 3 U 4 OJHlcSfitR 5 R 6 tmnizmm^ ti ^„ Ati^^V 4 t U 

5<75raitc}£i;tR7i:R8 75<s g^jBc ^ n 5 it if ^ > V \zmm^ 

JgtSR 1 R 2 (DgfS!4' *!6<lt®g 1 1 <D#S*5A:^ig^ ( + ) {Cfif«E^ n^o 
Itm^ 1 I <DmmXt>1^^ (-) tC{iA:tF«s^-U 2 (^mEEcJ; «9 SipmEEV a ^ilt 
i^^^'^EE25^A:^$ns„ JStaRS i: R 4 <^«fi^4',^^.;6«ittSS 1 2W^K!eA:t)^ 

^ ( + ) izmm^fi^o itns I 2 (DKmxtn^^ (-) t3« Atiis^-u 3 05m 

Jfi^R 5 t R 6 <^J|?ie?4'.^,>!J»H:«S 1 3 (D$^KmXt)im^ ( + ) iZjSm^tL^o 
itns I 3 (D^UAtli^^ (-) CfiAl^^^U 4 ©mffick »5^i^mE V c Tt'lt 
i^V^mflE;6« A:;3$n-5„ ffitJiR 7 t R 8 (7) igc 4" * ii'' it 12 S 1 4 W#S^A:DJ^ 

^ ( + ) izmm^ti?>. itns I 4 (Ds:mAt}i^'f- (-) fct^i^^ > k i/-c;i/cfc 
lsJ8S9 {CA:^$ti^o tztzL. ttlfifS 1 1 ~ 1 3 (Dai;dflUcti^#aj:/3iaS[Hi8S 

1 5- 1 7^«^n-pn*f A^n•CV^-5>„ ^JpmEVa. Vb. Vc, V d © M « 

^ -=6- KS^T-M 1 ~M 3 JCJi-f n^*ilS&^ffit>*aSIal?g 15-1 7 7b<mm. 
? nT^^^„ ^#tti;^MS@*S 1 5 ~ 1 7 {i, #ttt5[S ll~13<Daili<>:^^ 
- K^s^M 1 ^M3(DMEE\y^)\^i:Xt}i-^Zt\Z^*). ittSt^ 1 1-1 3 

tl^n=s-^^fi*J^c:y^^'b^;K7)t^i:^J4*fili:•t'5c:<^:*«■c^S;^•TI5J^ST•^>^o ^ 
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— -n. ^#ai:trMS[el8* 1 6, 1 7 K^^M 2, M 3 7j» O - p ^ ^Ui? 

Kti^fiX\,^^(D-X^. Itt!?3fl2. 1 3;5»e.ai:tl$n'5^-^$-^(D* Klsl 
IS 9 \ZXti-t^o 

I I <n\iit}t^n — v^)\/tt£^tK Y^^Ul t^hcDJ^H \^^}\/\z^^ 

l&SSm-^S D;6«ai;^$n^o '^flb 5 ~ 7 © HiT- <j iS&^^EE ci; »5 <£ < 

-€-LT, M-^ S D*0^>^• l/^jl/T-^S JSiScllStlfflllH] gS 1 0 {i A :t) T 

1 tCg^gg^ntlr^SMO SFET8?^:*->LT^ 'X'y 7.i^^ 3 Rl/V-f 
4 K:M)ec^nTl>SyN°- V:h;l/=i ^kTa. — ^'^WSIS imm'^-f) iz'mt)t:m}f^ 
■t^o —yj. m-^SDi)^u-U^)ViZfj:r>tzt^. iaifcm«0^®«8 1 0 liMO s 
FET8$-:i-7LTigfte5~7(D&m«-^lh-t-'5)o 

1 ^•iiiScLTg^%^^tII^:-rn^^<^:^,^o c:nK:J:0. ^#m:tJMSlHl8S l 5 0>'^ 
1/ ^ m 7S< ai ^ ti < •? , ittfiES 1 1 (75 ai:t»25«^ W * ^ T > K lelM 9 
JcA:d$n-5, mftfa<7)®a;6< 1 SXfi 2S-Ct. ^-K^^M1~M3<D 

V ^^mfj:'b(DiZJ\>( ly^)V<Dm.&^ Xyj-t ^ t t C A^J^^U 1 ~ U 4 <D ^ 
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m^nn ^ti)-'Q^^(DX'. m^t^mti o xhnm^n i c 2^^'Mxmmx^ 

<^mi!SSm I C ^ i& v ^ © i¥ iB. IS It ^ (7) 13 

aii-^o ^LT. m^<0«MfilJ: 0 < J^j:ixld:> ft 5 ~ 7 IC iSFU fc giB! $ n 
T V^-5flfe(7)MO S F E T imfr^-^-r) ^ :t y L X 5 ^ 7 (Omm m ±'t 

i^. mm<Dmmx(Dm.^mn i c 2 t^^it-^ -5m}te<DS:*:eS[« 4 a-c$)S 

l^«l^clHl?S^igip^-5 t tCct »P 4 © pa -f fife o S ± S IS T- f 0 -5 .t ^ 
{c: -t j5< -C # -So ^tz. MO S PET SliftfeCDJ^-f L-C 

i&-^Emn.s.iZ'D\,^x ii 4. 3vt£\,fxfj:<^ i&o^WEEmizwL^'r ^ tt<x ^ 
<m2(Dmmmm> 
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i^^ffiffi!i75>c,jiiic'j^'t7A>f;r>mtib5-7 i-un izmm^ ti wm5(DM 
'^tiLMt^wm^m C2 sL(Dxt)i^^u i, u z^a'^mj-^ v ^ i acD:fv>^iss 

-r > ii-5„ MOSFET8OT V - ^ i- 4 izmm^ti^. 

MOSFET8wy-Mi^^T 1 izmSi^tl. 'm^^Ul C2 atCJ:0:i-> 

t 7 (Dmm^Aitxtf^^v 4 icmsi^n^o ^ — h^m^u mmms (om'^tiL 

U 5 OKIJCjgi^R 7 t R 8 zb^HjnjcS^M? A:tjSg^u 5 li^r-v > K(Cg^ 

$ n-c So 

JfiiJiR 1 t R 2 (Dmm^.^.ib<it^^ 1 1 <7)^RteA:d^^- ( + ) {cggg^nSo 

tttJSl IWR^EA:^)^^ {-) lc{iA:>ji^^U 2 <^mff<fc O^J^mm V a;t'lt 

M^^nmt<At}$tL^o m.tKR 3 t R 4 (Dmm'p.'^.A^ttm^ 1 2 (^^sika:;^^^ 

( + ) (CMgc^iX'So it^^ I 2<DS:UKt>t^^ (-) Cti A:t>iS^ U 3 <Dm 
EEi: 0 SiimEEV b tzlfM^^Wmt^ At) $ ti^o 

mtn.R5 tRG (Dmm'¥.'^.7b<it^^ 1 3 <D$^KmAt}^'F ( + ) fCgjgg^nSo 

tfcISS 1 3<DS^A:d^^ (-) Jcfi A:t;^^u 4 <7)mff J: 0 ^ipmm V c fc'it 
i^V>'lff;6?A;^J^ixS„ i&tn.R 7 i: R 8 * 75<ltt(l5S 1 4 ro#S«5A;'3iS 

^ ( + ) JCSSE^nSo itm^ 1.4 (D^mAttm^ {-) (C ti > K Jl/ J: 
•5 SJ^mffi V d fc'lti^lr^mEE*? A:d ? n-5o tti^Sl l~14roaitJ^»36«T>K 
iHlJ^ 9 a \ZAt}^tl^o 

1 K^OfeAEissi 9 i^mm^ ilX\.^^o « 0 ^^iHlJS 1 

9«^^Mlj6-f><^>'N-<^^;P3i{±n-i/'^;KDA:fcit:J;0i&fp^-K$-^»5l^ 
^»?fe<t@SSi9ti^TMldWN^'i/^;K7)i: ^ttlJS 1 1 (D ffi :t) u ;i/ 
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^^3g^ig!$n-C^f^■C>'^^' l/'^;i/$-^Jftx.[s]8& 1 9 (c:-^;tTt>So 4-b;l/^— K ( 

3'\2)U^- h^aym-k. Xtii^^U I tU 2 7!}<mii^^tlX\i^^(DX'it^^ 1 1 <D 
tii:t)i<u-iy^)Utf^^i!)^, ^OtfeAlHliS 1 9 ;5«T > KlHlgS 9 a tc M -f- 31 -5 ^ 

T>KlElJ#9aT% ;t « «? (7) «t ^ it 15! S 1 1 © tB 11 ® $0 
fcyN-r i: 13 J: 0. ttKS 1 2 ~ 1 4 ^m:)3 ^ ti^m^<DT > K 

CiniCcfcO, r > KlilSS 9 a fi-^^fe 5 ~ 7 <Z)mE$-igifem^EE it«f L 
ifcm^JfflllalJS 1 0 tC^-^S D5rai:t;-tSo L ig Sc ^ $0 25 (3 8S 1 0 m -f- S 
D J; 0 1 izmm^ tiX^^^^MO S F E T 8 ^ 7 fOfflli" 3 -b 

^intCckO, m^m. J — hm<DJ^-V ^X^iCP U (Centra 

1 Processor Unnit) ® S (C J; o T ^ i!b (73 3 ^ X li 4 S t -5 cfc ^ 13 ^ 

-5 t <D 25< s> ^ *iiig?i^.^<z)«ii^.Km I c 2:sL\i2 a.it\.^-rti(Dm-^izi>mm 
mmmm imim) RU^^mmm (m2m) xitmi'p^- y<Dm\.^^^- 
tii-^ j^)V7.m^^<Dm^(D^to^^m^(D\t)mizi$i\:xmrp^- k^^oi^ 
<m3 (Dmmmm> 

^^B^cDM 3 izmmmmiz'oi.^xms m^m^.^xmrn-t ^ssfii^stms. 

C/ig3£1l$'S«-r'5mtg^M I C 8 O $•ffll^fcm^tfey^° y^'70<Dyn-y^lllT-& 
-S. WM^Ul C 8 0\i4 m<D') ^>wm2 1 ~2 4 ^ ^tl^'tli^-Bun 

mmiLm-A^^m^{znm2 1-24 i^mmzism^rL^o t?&2 iwi^^aM 
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m<DN-f- ^ ^)vm(nMO sFETsswKVf' yizmm. ^n-So mosfets 

SOJV — ;^;5«^£m*(liaiffiON^-v ^;l/M<DMO SFET56(DKH'>(Cg?6!$ 
tl. MOSFET55a>y- I C8 0<DiS^-T 1 tCjgSg^n-So 

MO S F E T 5 6 <DV-7>iiW.m^< y ^ 7 0 (7)V>r -^X^^ B 1 (Cg^M^n, 
y- h I C 8 0 CDl^^ T 2 I^^M? MOSFET55> 5 

6 ti^ilfe-t^cfc -9 iC^iiSM I C 8 0 IC J; 0 ://;i-"7«Jeai?n-5o ^LT, St 

L-cmftb2 1 ODilS^ffi{S|{c:g^g!$nSo iSi, ^m&tfCR 4 0 ^ R 4 Uti&m 
1 k Qgg(Digift-C% y X^i^miSK^ I C 7 3 WrtSBtC A »? ii*, miSS£ 

« I c 7 3 *si&^5Si^$ nsrot-RF ih-t -So ^tz. '^EE^thm^v I itmmt&m 

^JS^UC 2i<mMt&iJiR 4 2tr^LX'^m2 1 i:2 2 <7)^^ + * fC glig! $ n -5, 
mffit^miS^ U 2;5<«ISffi«iR4 3^^L-cm«b2 1 ^ 2 2 iCglM ? 

ix -So 

m;'3^i&^^uc 3A<i!kmt&mR 4 4 ^i;fLxmm2 2 t 2 q (Dmm^j^.izm 
m^ti^o mE<^ai«g^u 3 i-f^mt&mR 4 5 s-^ L-c-?-n-?-*nmjte 2 2^23 

* {CMSc^ n-So m:tJ#^i^^^U C 4 *^»iiffifitR 4 6=£-:n-LTmJlb2 
3 i: 2 4 (^gf;^tt>,^,fCjg^^: nS, mff^iaiiS^U 4 ;5J{*siffitiiR 4 l^^LX 
mite 2 3 t 2 4 <nW:m^ .^,Vimm^ il^o 

m:t)^i&sg^uc i~uc4 ti^n^ntttcfss o-3 3so^H:tJS4o~4 

3 ^„ ^^U 1 U C 2 ©HICjg^R 2 0 ^: R 2 1 *>*iB^JtCgB! 

$ JfiSiR 2 0 fc R 2 1 *©mm*«ttt2S 3 O OTiMSIto A;tJ^^ ( 

+ ) JcAsti^n^o itKs 3 0 (DseA:^^^ (-) \zntimi^^^\5 c 2(Dn 

I^^IC, mffi^ai«H^U 2 h'^timi&m'f-V C 3 (DfSi\Zl&iKR2 2 tR2 Qt- 

m.n\zmsi^fi^. t&tKR 2 2 t r 2 3 <7)mm^.^.<Dnzib-ti:n^ 3 i <D$^Rm 
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A^jis^ ( + ) icAs^j^nSo ittjss 1 (DKmAt)^^ (-) iz'm:fjmif^m^ 

U C 3 (D'tff J; 0 iiitmWEV b :t*lti^VM|ff *>'X:^J $ tiSo 

i^^itc, j^^u 3 t u c 4 (DfSiizizi&ifi R 2 4 i: R 2 5 t^un vimm ^ tl ^h. 

mtn.R2 4 iiR2 5<Dmim^,^.(DnZ7b^itn^3 2<Dl^^mA:f3m^ { + ) IZA 

mmiz. i^^u 4 tGNDoyr^izt&tuR 2 6 tR2 7 t-mmzmm^fi^o m. 

tn.R2 6 tR2 7 <Dm^^'^A(D'^St^itmS3 3(D$^RUAt}i^lr ( + ) [ZAt) 
$n^o J^^G N D tigjife? n. y V > K 3^So It 3 3 Sfe A:tl 

(-) iz^^ > hitmm.zw dt£\-rm^^nBE^'^At>^n^o 

I£J3lR20, R22, R 2 4 2it;^ R 2 6 <7)}gt/tiil{±^ L < > fi^Atf3MQT'fe 
So i£gLR2K R 2 3> R 2 5 R 2 7 (DjSiJtMfi^ L < . mX\:£lMQ-V 
feSo itt^^EE V a ~ V d (^mffiMli^ L < , tfctJS 3 0 ~ 3 3 -C^n-?-'n^?lb 
2 1 ~2 4 <^mEi:ig&mmEE;5stttS^ ns. j^WcnWEEitm Xi£ 2. 2V-C*. 
-5- 

itC«S3 0-3 3 wai:^3;6«T> KlHlg^S 0 fdAztJ^n-So /ifiL, ttt^SISO 
©tti:>3{B!lC{±:4-7'l51gS5 7 *«Jf A ^ n. :tTI51?&57c75fcd — :^ © A ffiOti ^ — 
K^^M 1 fC^igg^ ^- K^^M 1 (iJgtaR 1 0 L-Cgfftfe^ n-So ^ 

nk:«fc»3, '^}te2 l~24<^);,-»-m*,d5JiScmmflE<fcOSS<.^i:#T>KlHl?^50 

iim-^sDs-ai:t»-r-5o T>Kisi?S5 0(Dai:t)zj«i§ifems(iiai5i8*5 i izm^ti^o 
m^s D^^i^mnmm^^ 5 i{cA:^$n-5t, i^tsi'^um^i^ 5 iiti^^r 1 
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(57) Abstract 

A power supply control integrated circuit device 
comprises detection input terminals to obtain each voltage of 
batteries, and comparison means to compare each voltage of the 
batteries with the corresponding predetermined reference 
voltages. There are provided mode terminals to input signals 
for setting the number of batteries in order to control 
discharging, or charging of batteries according to the output 
of each comparison means. And, there are provided a circuit 
to forcibly set some of the comparison means to predetermined 
output states , according to signals input to the mode terminals , 
and a circuit to exclude outputs of the comparison means in 
the predetermined output state from monitoring. The power 
supply control integrated circuit device may thereby control 
the performance of the batteries without any external parts 
even under different number of batteries. 

Best Mode of Carrying out the Invention 
<First Embodiment> 

FIG. 1 shows a circuit diagram of a battery pack 1 using 
a power supply monitoring IC 2 according to this embodiment. 
In FIG. 1, the same parts as those in FIG. 4 are denoted by 
the same reference numbers, and double description will be 
omitted. The power supply monitoring IC 2 capable of 
controlling 1 to 4 stages of batteries controls three stages 
of batteries 5 to 7 as an embodiment shown in FIG. 1. 

Lithium ion batteries 5 to 7 are connected in series in 
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the order of decreasing potential. The high potential side of 
the battery 5 is connected to detection input terminals Ul, 
U2 of the power supply monitoring IC 2, and a positive terminal 
3 of the battery pack 1. The low potential side of the battery 
7 is connected to an input terminal 5, and the drain of a MOSFET 
8. The source of the MOSFET 8 is connected to a negative 
terminal 4 . 

On/off control of the MOSFET 8 is performed by the power 
supply monitoring IC 2 , while the gate of the MOSFET is connected 
to a terminal TI . The MOSFET 8 is a switching element. A 
connection midpoint between the batteries 5 and 6 is connected 
to an input terminal U3 . A connection midpoint between^ the 
batteries 6 and 7 is connected to an input terminal U4 . A mode 
terminal MI is connected to the high potential side of the 
battery 5. Mode terminals M2 , M3 are disconnected or grounded. 

In the power supply monitoring IC 2, resistors RI and 
R2 are connected between the input terminals UI and U2 in series . 
Resistors R3 and R4 are connected between the input terminals 
U2 and U3 in series- Resistors R5 and R6 are connected between 
input terminals U3 and U4 in series. Resistors R7 and R8 are 
connected between input terminals U4 and U5 in series. The 
input terminal U5 is connected to the ground. 

A connected midpoint between the resistors Rl and R2 is 
connected to a non-inversion input terminal ( + ) of a comparator 
11. A voltage higher than that of the input terminal U2 by a 
reference voltage Va is applied to a non-inversion input 
terminal (-) of the comparator 11. A connection midpoint 



between the resistors R3 and R4 is connected to a non-inversion 
input terminal ( + ) of a comparator 12. A voltage higher than 
that of the input terminal U3 by a reference voltage Vb is 
applied to a non-inversion input terminal (-) of the comparator 
12. 

A connection midpoint between the resistors R5 and R6 
is connected to a non-inversion input terminal (+) of a 
comparator 13 . A voltage higher than that of the input terminal 
U4 by a reference voltage Vc is applied to a non-inversion input 
terminal (-) of the comparator 13. A connection midpoint 
between the resistors R7 and R8 is connected to a non-inversion 
input terminal ( + ) of a comparator 14. A voltage higher than 
the ground . level by a reference voltage Vd is applied to a 
non-inversion input terminal (-) of the comparator 14. The 
output sides of the comparators 11. to 14 are connected to an 
AND circuit 9. However, dummy output processing circuits 15 
to 17 have been inserted to the output sides of the comparators 
11 to 13, respectively. The values of the reference voltages 
Va, Vb, Vc, and Vd are all the same. 

And, the dummy output processing circuits 15 to 17 have 
been inserted to the mode terminals Ml to M3 , respectively. 
Each of the dummy output processing circuits 15 to 17 is an 
OR circuit, wherein each of the comparators 11 to 13 is forcibly 
set to be in an high-level output state by input of the output 
of the compurgators 11 to 13 and the voltage level of the 
corresponding mode terminals Ml to M3 . Moreover, the terminals 
Ml to M3 are connected to the ground through the corresponding 



3 



• 9 

one of the resistors RIO to R12. 

The dummy output processing circuit 15 is input with a 
high-level signal from the mode terminal Ml, then, the circuit 
15 outputs a high-level signal to forcibly set the output of 
the comparator 11 in a high-level state. On the other hand, 
since the dummy output processing circuit are input with a 
low-level signal from each of the mode terminals M2 and M3 , 
respectively, the signals output from the comparators 12, 13 
are input to the AND circuit 9, as it is. 

A part denoted by "A" is a part with unused batteries, 
and short-circuited. Thereby, the dummy output processing 
circuit 15 inputs a high-level signal to the AND circuit 9 by 
a high-level signal from the mode terminal. Ml , though the 
comparator 11 comes to a low-level output state. Then, the AND 
circuit 9 performs AND processing of comparison results of the 
voltages of the batteries 5 to 7 with the overdischarge voltage. 
Then, when all the voltages of the batteries 5 to 7 are higher 
than the overdischarge voltage, the AND circuit outputs a 
high-level AND signal SD. On the other hand, when the voltage 
of any one of the batteries 5 to 7 is lower than the overdischarge 
voltage, the AND circuit 9 outputs a low-level signal SD. 

And, when the signal SD is in a high-level state, an 
overdischarge control circuit 10 turns on the MOSFET 8 connected 
to the input terminal TI to supply electric power to devices 
(not shown) such as personal computers connected to the positive 
terminal 3 and the negative terminal 4. On the other hand, when 
the signal SD is in a low-level state, the overdischarge control 
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circuit 10 turns the MOSFET 8 off to prohibit the overdischarge 
of the batteries 5 to 7 . 

Thus, as there is kept the logical matching even under 
the presence of the part A with unused batteries, the power 
supply monitoring IC 2 may control the three stages of batteries 
5 to 7 . As the dummy output processing circuit 15 forcibly sets 
the comparator 11 to be in a high-level output state, the output 
of the comparator 11 is excluded from monitoring in the AND 
circuit 9 and the overdischarge control circuit 10. 

In order to insert a battery to the part A with unused 
batteries, and control four stages of batteries, the mode 
terminal Ml may be disconnected and grounded. Thereby, the 
high-level signal is not output from the dummy output processing 
circuit 15, and the output of the comparator 11 is input to. 
the AND circuit 9, as it is. And for one or two stages of 
batteries, a high-level voltage is applied to a suitable 
terminal of the mode terminals Ml to M3 , and short circuit 
processing is performed between unused terminals of input 
terminals Ul to U4 . Thus, selection of the number of battery 
stages may be possible, and suitable control of the 
overdischarge state of the batteries with the selected stages 
of batteries may be performed. The number of mode terminals 
Ml to M3 is equal to the smaller number of batteries by one, 
as the number of batteries to be monitored by the power supply 
monitoring IC 2 is not zero. 

As mentioned above, according to this embodiment, one 
power supply monitoring IC 2 may control 1 to 4 stages of 
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batteries, and the power supply monitoring IC 2 may be used 
in common even with different stages of batteries to cause easy 
management of the power supply monitoring IC 2 and the like. 
There is no need to manufacture dedicated power supply 
monitoring Ics according to the number of batteries to shorten 
periods such as those for evaluation and design of battery packs . 
The control reliability may be maintained even under changing 
stages of batteries to be controlled by the power supply 
monitoring IC 2. Moreover, 1 to 4 stages of batteries may be 
controlled without parts such as external parts 33 required 
for conventional battery packs such as the battery pack Ic 
(refer to FIG. 5). 

As hereinafter described, a function to prevent 
overcharge and excess current may be provided for the power 
supply monitoring IC 2 , as there is a danger such as fuming 
due to overcharge and excess current of the batteries 5 to 7 . 
For detection of the overcharge, it should be decided by a 
comparator whether the voltage of each battery 5 to 7 is higher 
than a predetermined overcharge voltage, similarly as the case 
to detect the overcharge voltage. The overcharge voltage is, 
for example, 4.3V. Other MOSFETs (not shown) connected in 
series to the batteries 5 to 7 are turned off to prohibit the 
charging of the batteries, when the voltage of any one of 
batteries 5 to 7 is higher than the overcharge voltage. 

In order to detect the excess current, a current is 
detected by reading drops in the voltage at an element connected 
in series to the batteries 5 to 7 like the MOSFET 8. Other 
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MOSFETs (not shown) connected in series to the batteries 5 to 
7 are turned off to prohibit the use of the batteries, when 
the current is higher than the predetermined current value. 

In this embodiment, the maximum number of battery stages 
to be controlled by the power supply monitoring IC 2 is four, 
but, batteries with the different maximum number of stages, 
not limited to four, may be controlled by adding similar 
circuits. And other types of switching elements may be used 
for the MOSFET 8. The overdischarge voltage may be set to 
voltage values other than 2.2 V. The overcharge voltage may 
be also set to other voltage values including 4.3 V. Moreover, 
operation of each comparator may be controlled by the output 
of the corresponding dummy output processing circuit. 

<Second Embodiment> 

A second embodiment of the present invention will be - 
described, referring to FIG. 2. FIG. 2 shows a circuit diagram 
of a battery pack la having a configuration to control three 
stages of batteries 5 to 7 , using a power supply monitoring 
IC 2a capable of controlling three- and four-stage batteries. 

Lithium ion batteries 5 to 7 are connected in series in 
the order of decreasing potential. The high potential side of 
the battery 5 is connected to input terminals Ul , U2 of the 
power supply monitoring IC 2, and a positive terminal 3 of the 
battery pack la. The low potential side of the battery 7 is 
connected to an input terminal 5, and the drain of a MOSFET 
8. The source of the MOSFET 8 is connected to a negative 
terminal 4 . 
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On/off control is performed by the power supply 
monitoring IC 2a, while the gate of the MOSFET 8 is connected 
to a terminal TI. A connection midpoint between the batteries 
5 and 6 is connected to an input terminal U3 • The connection 
midpoint of the batteries 6 and 7 is connected to an input 
terminal U4 . A mode terminal MI is connected to the high 
potential side of the battery 5. 

In the power supply monitoring IC 2a, resistors RI and 
R2 are connected between the input terminals UI and U2 in series . 
Resistors R3 and R4 are connected between the input terminals 
U2 and U3 in series. Resistors R5 and R6 are connected between 
input terminals U3 and U4 in series. Resistors R7 and R8 are 
connected between input terminals U4 and U5 in series. The 
input terminal U5 is connected to the ground. 

A connected midpoint between the resistors Rl and R2 is 
connected to a non-inversion input terminal (+) of the 
comparator 11 . A voltage higher than that of the input terminal 
U2 by a reference voltage Va is applied to a non- inversion input 
terminal (-) of the comparator 11. A connection midpoint of 
the resistors R3 and R4 is connected to a non-inversion input 
terminal ( + ) of the comparator 12. A voltage higher than that 
of the input terminal U3 by a reference voltage Vb is applied 
to a non-inversion input terminal (-) of the comparator 12, 

A connection midpoint of the resistors R5 and R6 is 
connected to a non-inversion input teiroinal (+) of the 
comparator 13 . A voltage higher than that of the input terminal 
U4 by a reference voltage Vc is applied to a non-inversion input 
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terminal (-) of the comparator 13. A connection midpoint of 
the resistors R7 and R8 is connected to a non-inversion input 
terminal ( + ) of the comparator 14, A voltage higher than the 
ground level by a reference voltage Vd is applied to a 
non-inversion input terminal (-) of the comparator 14. The 
output sides of the comparators 11 to 14 is connected to an 
AND circuit 9a. 

A cell mode switching circuit 19 is connected to the 
terminal Ml. The switching circuit 19 switches the operation 
mode by input of a high-level or low-level signal from the 
terminal Ml . The switching circuit 19 is an OR circuit wherein 
the output level of the comparator 11 can be forcibly set to 
be in a high-level output state when the terminal Ml is in a 
high-level state. In the figure in which the case for a three 
cell mode (the number of battery stages is three. is shown, 
. the terminal Ml is connected to the high potential side of the 
battery 5, and applies a high-level signal to the switching 
circuit 19. In case of a four-cell mode, the terminal MI is 
disconnected or grounded through a resistor RIO. 

In case of a three-cell mode, the output of the comparator 
11 is in a low-level state, as the input terminals Ul and U2 
are short-circuited. AND processing of the signals output from 
comparators 12 to 14 is performed by sending a signal to the 
AND circuit 9a from the switching circuit 19, for example, by 
forcibly setting the output side of the comparator 11 into a 
high-level state as mentioned above. 

Thereby, the AND circuit 9a compares the voltages of the 
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batteries 5 to7 with the overdischarge voltage^ and outputs 
a signal SD to an overdischarge control circuit 10. On/off 
control of the MOSFET 8 connected. to the terminal Tl is performed 
by the overdischarge control circuit 10 according to the signal 
SD. In case of three-cell mode, the output of the comparator 
11 is excluded from monitoring in the AND circuit 9a and the 
overdischarge control circuit 10. 

Thereby, for example, there are three- or four-stage 
batteries for notebook-sized personal computers, depending on 
the kinds of central Processor Units (CPUs), and the power 
supply monitoring IC 2 or IC 2a according to the present 
embodiment may be used for both cases. Thus, the power supply 
monitoring IC may be more extensively used. In the above first 
and second embodiments (FIGS. 1 and 2, respectively )> a high- 
er low-voltage level signal of the mode terminals causes the 
switching, but the operation mode may be switched according 
to the input pulse number of predetermined switching signals 
such as pulse signals. 

<Third Embodiment> 

A third embodiment of the present invention will be 
described, referring to FIG. 3. FIG. 3 a block diagram of a 
battery pack 70 using a power supply monitoring IC 80 for 
monitoring overdischarge and excess current. The power supply 
monitoring IC 80 monitors the state of four lithium ion 
batteries 21 to 24 against overdischarge and excess current. 

Cells 21 to 24 are connected in series in the order of 
decreasing potential. The high potential side of the battery 



10 




21 is connected to a positive teiminal 60 of the battery pack 
70, and the low potential side of the battery 24 is connected 
to the drain of an N-channel MOSFET 55 for discharge control. 
The source of the MOSFET 55 is connected to the drain of the 
N-channel MOSFET 56 for charge control, and the gate of the 
MOSFET 5 5 is connected to a terminal Tl of the power supply 
monitoring IC 80. 

The source of the MOSFET 5 6 is connected to the negative 
terminal 61 of the battery pack 70, and the gate of the MOSFET 
55 is connected to a terminal T2 of the power supply monitoring 
IC 80. On/off control of MOSFETs 55, 56 is performed by the 
power supply monitoring IC 80, as described below. The power 
is supplied to a personal computer 71 connected to terminals 
60, 61 by discharging. 

A power supply terminal UCl for power supply to a . 
comparator is connected to the high potential side of the 
battery 21 through a protective resistor 40 as described below. 
Protective resistors 40 to 47 have a resistance value of about 
1 kQ , and prevents noise from entering the power supply 
monitoring IC 73, and the IC 73 from static destruction. And 
a voltage detection terminal Ul is connected to the high 
potential side of the battery 21 through the protective resistor 
R41. As for intermediate terminals, a power supply terminal 
UC2 is also connected to a connection midpoint between the 
batteries 21 and 22 through a protective resistor R42. A power 
supply terminal U2 is also connected to a connection midpoint 
between the batteries 21 and 22 through a protective resistor 
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R43. 

A power supply terminal UC3 is also connected to a 
connection midpoint between the batteries 22 and 23 through 
a protective resistor R44. A power supply terminal U3 is 
connected to a connection midpoint between the batteries 22 
and 23 through a protective resistor R45. A power supply 
terminal UC4 is connected to a connection midpoint between the 
batteries 23 and 24 through a protective resistor R46, A 
voltage detection terminal U4 is connected to a connection 
midpoint between the batteries 23 and 24 through a protective 
resistor R47, 

The power supply terminals UCl to UC4 supply power to 
comparators 30 to 33, and 40 to 43, respectively. Resistors 
20 and 21 are connected in series between the terminals Ul and 
UC2^ 'The voltage at a connection midpoint between resistors 
R2 0 and R21 is applied to a non-inversion input terminal ( + ) 
of the comparator 30. A voltage higher than that of the power 
supply terminal UC2 by a reference voltage Va is applied to 
a non-inversion input terminal (-) of the comparator 30. 

Similarly, resistors R22 and R23 are connected in series 
between the voltage detection terminal U2 and the power supply 
terminal UC3. The voltage at a connection midpoint between 
resistors R22 and R23 is applied to a non-inversion input 
terminal ( + ) of the comparator 31. A voltage higher than that 
of the power supply terminal UC3 by a reference voltage Vb is 
applied to a non-inversion input terminal (-) of the comparator 
31 . 
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similarly, resistors R24 and R25 are connected in series 
between the terminals U3 and UC4 . The voltage at a connection 
midpoint between resistors R24 and R25 is applied to a 
non-inversion input terminal (+) of the comparator 32. A 
voltage higher than that of the power supply terminal UC4 by 
a reference voltage Vc is applied to a non-inversion input 
terminal (-) of the comparator 32. 

Similarly, resistors 26 and 27 are connected in series 
between the terminals U4 and GND. The voltage at a connection 
midpoint between resistors R26 and R27 is applied to a 
non-inversion input terminal (+) of the comparator 33. A 
terminal GND is grounded to be at the ground level - A voltage 
higher than the ground level by a reference voltage Vd is applied 
to a non^inversion input terminal (-) of the comparator 33. 

The resistors R20, R22, R24, and R26 have the same 
resistance value, for example, 3 mQ - The resistors R21 , R23, 
R25, and R27 have the same resistance value, for example, 1 
mQ . The voltages of the comparison voltage Va to Vd are all 
the same, and the voltages of the batteries 21 to 24 are compared 
with the overdischarge voltage at the comparators 30 to 33, 
respectively. The overdischarge voltage has, for example, a 
value of 2.2 V. 

The outputs of the comparators 3 0-3 3 are input to a AND 
circuit 50. However, an OR circuit 57 is inserted to the output 
side of the comparator 30, and the other input side of the OR 
circuit 57 is connected to a mode terminal Ml . The mode terminal 
Ml is grounded through a resistor RIO. Thereby, the AND circuit 
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50 outputs a signal SD^ when all the voltages of the batteries 
21 to 24 are higher than the overdischarge voltage. The output 
of the AND circuit 50 is sent to an overdischarge control circuit 
51. When the signal SD is input to the overdischarge control 
circuit 51, the overdischarge control circuit 51 applies a 
voltage to the gate of a MOSFET 55, and turn the MOSFET 55 on. 

On the other hand, when the voltage of at least one of 
the batteries 21 to 24 is lower than the overdischarge voltage, 
the signal SD is not output from the AND circuit 50, and the 
overdischarge control circuit 51 turns the MOSFET 5 5 off. 
Thereby, the batteries 21 to 24 are monitored against 
£ . overdischarge by the power supply monitoring IC 80 at 
discharging. 

Moreover, the batteries 21 to 24 are monitored against 
overcharge by the power supply monitoring IG 80 at charging. ;: 
The resistors R30 and R31 are connected in series between the 
terminals Ul and UC2 . The voltage at a connection midpoint 
between resistors R3 0 and R31 is applied to a non-inversion 
input terminal ( + ) of the comparator 40. A voltage higher than 
that of the terminal UC2 by a comparison voltage Ve is applied 
to a non-inversion input terminal (-) of the comparator 40. 
Thereby, when the voltage of the battery 21 is higher than that 
of a predetermined overcharge voltage, the output of the 
comparator 40 is in a high-level, on the other hand, when lower, 
in a low-level. The overcharge voltage is, for example, 4.3 
V. 

Similarly, resistors R32 and R33 are connected in series 



14 



between the terminals U2 and UC3 • The voltage at a connection 
midpoint between resistors R32 and R33 is applied to a 
non-inversion input terminal (+) of the comparator 41. A 
voltage higher than that of the terminal UC3 by a comparison 
voltage Vf is applied to a non- inversion input terminal (-) 
of the comparator 41. 

Similarly, resistors R34 and R35 are connected in series 
between the terminals U3 and UC4 . The voltage at a connection 
midpoint between resistors R34 and R35 is applied to a 
non-inversion input terminal (+) of the comparator 42. A 
voltage higher than that of the terminal UC4 by a comparison 
voltage Vg is applied to a non-inversion input terminal. (^) 
of the comparator 42. 

Similarly, resistors R36 and R37 are connected in series 
between the ^terminals U4 and GND. The voltage at a connection 
midpoint between resistors R36 and R37 is applied to a 
non-inversion input terminal (+) of the comparator 43. A 
voltage higher than the ground level by a comparison voltage 
Vh is applied to a non-inversion input terminal (-) of the 
comparator 43. 

The outputs of the comparators 40 to 43 are input to an 
OR circuit 52. Thereby, when the voltage of at least one of 
the batteries 21 to 2 4 become higher than the overcharge voltage, 
the output of the OR circuit 52 becomes high-level . On the other 
hand, when all the voltages of batteries 21 to 24 are lower 
than the overcharge voltage, the output becomes low-level . The 
output (signal SC) of the OR circuit 52 is input to a charge 
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control circuit 53 • 

When a high-level signal SC is not input, a charge control 
circuit 53 applies a voltage to the gate of MOSFET 56 connected 
to the terminal T2 , and, turns MOSFET56 on. On the other hand, 
when a low-level signal SC is input, the MOSFET 56 is turned 
off. Thereby, when the batteries 21 to 2 4 are charged from 
terminals 60 and 61, each voltage of the batteries 21 to 24 
is monitored whether it is higher than a overcharge voltage. 
If any one of the batteries 21 to 24 is higher than the overcharge 
voltage, the MOSFET 56 is turned off to prohibit charging. 

Four lithium ion batteries 21 to 24 connected in series 
are monitored against overdischarge and overcharge by the power 
supply monitoring IC 80 according to this embodiment. The 
current hardly flows in the voltage detection terminals Ul to 
U4 due to the high impedance of the resistors R20 to R27 . : Thus, 
the voltage drops such as those of the wiring resistances , and 
the protective resistors R41, R43, and R45 are reduced to 
prevent dropping in the detection accuracy. 

Moreover, there are no effects on other terminals even 
when the intermediate terminals U2 to U4 , UC2 to UC4 break away 
due to defectives such as faulty soldering. Therefore, the 
power supply monitoring IC 8 0 turns the MOSFET 55 off to prevents 
the overdischarge of the batteries 21 to 24 without improper 
judgements- Similarly, the comparators 40 to 43 to detect the 
overcharge have no improper judgements . In case of three 
batteries to be monitored, the battery 21 is in short-circuited 
connection, and further the mode terminal MI is connected to 
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the high potential sides of the batteries 22 to 24. Thereby, 
it is possible to monitor the three batteries 22 to 24, as 
ment ioned above . 

The power supply monitoring IC 80 may be provided with 
a function to prevent the excess current, as there is a danger 
of fuming by the excess current flowing in the lithium ion 
batteries 21 to 24 . For example, in case of the excess current, 
the MOSFET 55 is turned off, when the voltage is detected by 
converting the current to the voltage, using on-resistors such 
as the MOSFET 55. 

The number of batteries to be monitored may be arbitrarily 
set as 2/ 3, * • / as the power supply monitoring IC 80 has 
the same kind of circuit configuration for each battery 21 to 
24, as shown in FIG. 5. For example, the power supply monitoring 
IC to monitor two or three batteries maybe used for portable 
telephones and portable video recorders. And the power supply 
monitoring IC to monitor three or four batteries may be used 
for devices such as the personal computer 71, as shown in FIG. 
5. Naturally, the battery pack 70 according to this embodiment 
may be used for devices other than personal computer 71. 

Moreover, any position may be available for the insertion 
of the MOSFETs 55, 56, if off operation thereof causes to stop 
discharging and charging of the batteries 21 to 24. The 
terminals UCI and UI may be the same- 

CLAIMS 

1. A power supply monitoring integrated circuit device. 
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comprising input terminals to obtain each voltage of a plurality 
of batteries, and a plurality of comparison means to compare 
each voltage of the batteries with a predetermined reference 
voltage, and controlling the discharging or charging of the 
batteries according to the output of the comparison means, 
wherein 

there are provided mode terminals to input a signal for 
specifying the number of batteries to be controlled by the power 
supply monitoring integrated circuit device, a first circuit 
to forcibly set some of the plurality of the comparison means 
to be in a predetezmined output state based on the input signals 
to the mode terminals, and a second circuit to: exclude outputs 
of comparison means in the predetermined output state form 
monitoring. 

2. A power supply monitoring integrated circuit device 
according to claim 1 , wherein the reference voltage is an 
overdischarge voltage, the comparison means outputs a first 
level signal when the voltage of the battery is higher than 
the overdischarge voltage, the comparison means outputs a 
second level signal, when the voltage of the battery is lower 
than the overdischarge voltage, the second circuit to exclude 
some of batteries from monitoring performs AND processing of 
the output of each of the comparison means by an AND circuit, 
and the first circuit to forcibly set outputs of some of 
batteries in the predetermined output state forcibly sets 
outputs of some of the comparison means in a first level output 
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State based on signals input to the mode terminals, 

3 • A power supply monitoring integrated circuit device 
according to claim 1, wherein the first circuit is an OR circuit 
which is connected to a specified comparison means and mode 
fc-:, terminal, and inputs an output of the specified comparison means 

and a signal of the mode terminal; and the second circuit is 
an AND circuit which inputs an output of the OR circuit and 
outputs of the remaining comparison means. 

4. A battery pack comprising batteries, switching 
i^v. ^ ^ r. elements connected in series to the batteries > arid* a power 
J^v supply monitoring integrated circuit device to control the ^ 

^^^v; on/off operation of the switching elements according to 

monitoring results of the the power supply monitoring 
integrated circuit device; wherein the power supply monitoring 
integrated circuit device comprises; 

a plurality of input terminals to obtain each voltage 
of a plurality of batteries; 

a plurality of comparison means to compare each voltage 
of the batteries with the corresponding predetermined voltage; 

mode terminals to input a signal for specifying the number 
of batteries to be controlled by the power supply monitoring 
integrated circuit device; 

a first circuit to forcibly set some of a plurality of 
the comparison means in a predetermined output state based on 
signals input to the mode terminals; 
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a second circuit to exclude some of the outputs of the 
comparison means in the predetermined output state; 

5* A battery pack according to claim 4^ wherein the 
reference voltage is an overdischarge voltage, the comparison 
means outputs a first level signal when the voltage of the 
battery is higher than the overdischarge voltage, a second level 
signal is output when the voltage of the battery is lower than 
the overdischarge voltage, the second circuit to exclude some 
of outputs of batteries from monitoring performs AND processing 
of each output of the comparison means by an AND circuit; and 
a first circuit to forcibly set outputs of some of a plurality 
of the comparison means to be in a predetermined output state, 
forcibly sets outputs of some of the comparison means in a first 
level based: on signals input to the mode terminals . - 

6 • A battery pack according to claim 4 , wherein the first 
circuit is an OR circuit which is connected to specified 
comparison means and mode terminal, and inputs the output of 
the first circuit and the signal of the mode terminal, and a 
second circuit is an AND circuit which inputs the output of 
the OR circuit and outputs of the remaining comparison means. 
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